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SUMMARY  ' 

I 

When  the  preceeding  progress  report  was  written  for  the  period  leading  up 
to  1 April  195^^  “the  fclJoi/ing  items  had  been  accomplished: 

1.  The  theory  of  the  super-pressure  balloon  upon  which  the  work  under  ^ 

this  project  is  based  had  been  formulated,  and  the  material  requirements  for 
strength  and  elastic  modulus  had  been  derived  o 

2.  Certain  materials  and  combinations  of  materials  had  been  chosen  for 
investigation  on  the  basis  of  their  properties  at  room  ten5>erature^  with  plans 
for  determining  their  low  tenqperature  properties  under  this  project. 

3.  Four  major  types  of  balloon  designs  had  been  sel.ected  as  being  feasible: 

a.  A nylon  fabric  cover  containing  a polyethylene  or  ruober  bladder. 

b.  An  onion-shaped  cylinder  balloon  of  Saran  or  of  polyethylene  ^tylar 
laminate . 


c.  A sphere  of  Saran  alone. 

i 

d . A sphere  of  polyethylene  impregnated  f iberglas . ^ 

Balloons  of  type  a.  had  been  made  and  were  ready  for  tests.  Fabrication  of 

balloons  of  type  b.  awaited  the  arrived  of  material.  Balloons  of  type  c. 

cannot  be  made  until  a mobile  electronic  sealer  has  been  developed.  The  i 

prob3ems  of  such  a sealer  were  under  study,  suid  the  drawings  for  an  applicable  ! 

type  had  been  obtained  from  Dow  Chemical  Coaoapany,  makers  of  Saran  film.  | 

Investigation  of  balloons  of  type  d.  had  Just  begun.  | 

^4-.  The  technique  for  obtaining  a measure  of  relative  superheat  among  ! 

♦ beilloon  materials  had  been  developed,  and  a preliminary  run  of  materials  on  * 

k hand  had  been  made. 


■ 

■ Is 


I 


p.  One  flight  on  a 25  ft.  open  appendix  balloon  had  been  made  to 
investigate  the  relative  upward  and  downward  radiation  during  night-time. 
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I.  enginekring  study 

A.  Further  Discussion  of  Super-pressuTF  Balloon  Theory 

I 

! On  May  11^  the  writer  discussed  the  work  under  this  project  with 

* Dr,  Ney,  Dr.  Winckler,  Mr.  Huch,  and  Cdr.  Sparlnnan,  in  Dr„  Ney’s  office  at 

the  University  of  Minnesota.  Recent  flights  of  super-pressure  haiioons 
flown  by  the  University  of  Minnesota  were  described.  Measurements  of  super- 
r,  heat  in  terms  of  per  cent  gain  of  lift  had  been  made  by  the  University  of 

Minnesota  at  several  levels  in  the  atmosphere  in  what  they  have  come  to  call 
a **Step”  flight.  The  data  so  obtained  indicate  that  the  sunset  effect  in- 
• creases  with  altitude,  at  least  to  50^000  feet  MSL.  At  this  level,  approxi- 

mately five  per  cent  sunset  effect  was  experienced  wit'^  a 2 mil  polyethylene 
balloon.  The  sunset  effect  may  reach  eight  per  cent  at  higher  levels. 

Eight  per  cent  increase  of  lift,  if  contained,  represents  only  3-5 
inches  of  water  internal  pressure  at  100  millibars,  where  the  minimum  super- 
heat would  be  experienced.  At  200  millibars,  it  represents  6.4  inches  of 
water.  Our  stress  requirements  have  been  built  around  an  assumption  of  l6 
inches  of  water  sui)er-pressure.  Apparently  as  much  as  ten  per  cent  free  lift 
can  be  contained  in  addition  to  the  superheat  energy,  if  these  figures  apply 
to  our  balloons . 


i 

1 


i 


Dxiring  the  discussion.  Dr.  Ney  raised  the  quescion  of  what  advantage 
is  gained  by  using  thick  film«  His  reference  was  to  the  theory  that  superheat 
is  essentially  a function  of  the  mass  of  the  balloon,  and  that  increasing  the 
thickness  of  the  balloon  walls  merely  increases  the  amount  of  siQ>erheat  pro- 
portionately, so  that  nothing  is  gained  in  the  effort  to  provide  sufiUcient 
strength.  Prom  this  theory,  he  has  concluded  that  the  thinnest  material  is 
the  best  for  the  job. 

His  question  was  answered  with  the  following  points. 

1.  We  question  the  theory.  Dr.  Ney,  himself,  agrees  that  it 
would  not  be  unreasonable  to  suppose  that,  above  a certeLln  thickness  eind  a 
certain  superheat  value,  the  Increase  of  thickness  would  become  less  and  less 
effective  in  increasing  the  superheat.  Since  ve  are  working  with  an  in- 
creasing temperature  gradient  between  the  balloon  wall  and  the  ambient  air, 
it  seems  that  this  should  he  true.  We  are  dealing  with  a situation  where  a 
certain  maximum  superheat  probably  will  not  he  exceeded  significantly.  For 
this  reason,  we  have  based  our  calculations  on  an  estimate  of  this  maximum 
superheat;  that  is,  on  a tenperature  difference  of  40®C.  Judging  from  the 
superheat  encountered  hy  a baJLloon  made  of  neoprene -coated  nylon  flown  by 
New  York^  University  in  1948^,  oir  estimate  is  a reasoriable  onr».  The  balloon 
mentioned  above  developed  a superheat  of  approximately  35'"C«  while  floating 
at  35^000  ft.  at  1700  local  time  in  July. 


Research  Divi?^ion,  College  of  Engineering,  New  York  University, 
Technical  Report  No.  9302,  Section  3^  P«  39- 
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2.  A second  reason  for  using  thicknesses  of  tvo  to  three  mils, 
as  ve  are  doing,  is  the  fact  that  the  theory  does  not  ^?.pply  to  the  entire 
operation  which  ve  are  trying  to  perform.  In  addition  to  containing  the 
super -pres  sure  developed  hy  superheat,  for  sijoiplicity  of  construction,  we  axe 
atteiirpting  also  to  contain  all  of  the  free  lift  introduced  at  launching.  If 
this  can  he  done,  there  will  he  no  need  for  a pressure  relief  valve,  or  other 
device  to  exhaiost  paxt  of  the  free  lift  gas.  Froir  data  so  far  obtained,  it 
appears  that  it  is  possible  to  contain  a reasonahle  amount  of  free  lift. 

3 c A third  reason  for  using  thic^^er  films  is  found  in  the  fact 
that  our  main  ohjectlve  is  to  design  and  huild  a halloon  which  will  give  the 
desired  performance  — to  prove  that  such  performance  can  he  obtained.  We  wish 
to  avoid  all  unnecessary  risks  to  the  successful  attainment  of  this  objective. 

If  fragile  materials  were  used,  fill  flights  would  have  additional  handling 
hazards  and,  when  decisions  as  to  the  success  of  a particular  type  must  he  made 
after  a relatively  small  nximher  of  flights,  it  would  he  unwise  to  have  failures 
which  might  he  attributed  to  such  incidental  factors  as  handling.  Once  a 
halloon  has  been  flown  which  accomplishes  the  objective,  ve  shall  have  sufficient 
texnperature  emd  super -pressure  data  to  determine  any  excess  strength  in  the 
halloon,  and  at  that  time  reduction  of  material  thickness,  etc.  can  he  made  if 
desirable . 


B.  Additional  Points  in  Stress  Analysis 
Calculation  of  Stress  in  Onions 


At  the  conference  on  May  11,  Dr.  Wey  contributed  some  information 
hearing  on  the  stress  analysis  of  onion  shaped  balloons.  (Photo  fj^5707  Bhows  an 
onion-shaped  halloon) . 

1.  Since  the  stress  in  the  material  must  he  the  same  all 
along  one  meridiem,  the  calculation  of  stress  at  any  convenient  point 
determines  the  value  which  would  he  obtained  if  it  were  correctly  calculated 
at  more  difficult  points. 

The  radius  of  curvature  of  the  onion-shaped  halloon  at  its 
equator,  that  is,  the  radius  of  curvature  of  a meridian  at  that  point,  is 
one -half  that  for  a sphere  with  a diameter  equal  to  the  equator  ladL  diameter 
of  the  onion. 


This  relationship  Just  offsets  the  effect  of  the  concentrating 
of  the  stress  in  the  meridional  direction.  For  a given  radius  of  curvature, 
the  stress  developed  hy  an  onion  halloon  wou3d  he  twice  that  for  the  same 
radius  of  curvature  in  a sphere,  due  to  the  polarizing  of  the  stress.  But 
since  an  onion  halloon  of  a given  equatorial  diameter  has  a radius  of 
curvature  meridionally  (at  its  equator)  of  one -half  of  the  magnitude  of  its 
equatorial  radius,  this  doubling  of  stress  does  not  occur.  Therefore, 
a sphere  and  an  onion  of  the  same  equatorial  diameter  will  develop  the  same 
stress  in  their  walls  for  a given  super-pressure.  The  only  differences  will 
he: 


ly. 
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a*  The  stress  in  the  onion  vill  he  In  only  the  two  polar 

directions,  while  the  stress  in  the  sphere  will  he  in  al3. 
surface  directions  at  any  point. 

h.  The  stress  at  a pole  fittirAg  in  the  onion  can  run  very 
hi^,  while  in  a sphere  it  will  he  the  same  as  elsewhere 
in  the  balloon *c  wall. 

2.  The  last  point  mentioned  deserves  special  attention.  The 
stress  at  a fitting  in  an  onion  balloon  containing  super -pressure  is  determined 
by  the  stress  per  lineal  inch  in  the  film,  multiplied  by  the  number  of  lineal 
inches  in  the  circumference  of  the  cylinder  of  material  from  which  it  is  made . 
This  stress  can  amount  to  several  tons. 

Stresses  in  Spheres  with  Internal  Pressure 

An  additional  safety  factor  appears  to  have  been  incorporated  in 
our  calculations  of  the  stress  to  be  encountered  from  internal  pressure. 

According  to  Mark's  Engineers’  Handbook,  page  4^1  of  the  Hh  Edition,  the  true 
stress  in  a hollow  sphere  containing  pressure  is  a function  of  Poisson’s  ratio 
for  the  material  involved.  A material  with  Poisson’s  ratio  of  0.333^  for  example, 
has  the  true  stress  equation: 

True  Stress  = T = Pr 
3t 


\ 

! 


instead  of 

Apparent  Stress  - S = Pr 

2t 

which  is  the  equation  ve  have  used. 

The  general  equation  is  T = S - S 

n 

where  n = the  reciprocal  of  the  applicable  Poisson’s  ratio. 


I 

i 


It  is  recognized  that  the  plastic  films  will  not  have  a Poisson’s 
ratio  of  0.333  (glass  has  0.244),  but  whatever  their  values  are,  the  character- 
istic involved  here  operates  to  our  advantage. 

Strain  Calculation  in  the  Design  of  Onions 

In  order  to  design  properly  for  the  exact  dimensions  of  an  onion 
balloon  under  stress,  it  is  necessary  that  we  take  into  account  the  stretching 
of  the  material  along  the  meridional  direction.  This  will  affect  the  dimension 
built  into  the  balloon  by  the  spacing  of  the  end  fittings.  Before  this  can  be 
done  with  any  accuracy,  the  stress -strain  relationship  at  low  ten^jeratures  will 
have  to  be  determined.  If  this  feature  is  not  considered,  the  beLlloon’s  pole 
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to  pole  dimension  will  be  longer  than  that  required  >y  the  equation  D = 0.764  L, 
and  the  purpose  of  the  onion  shape  may  be  defeated  by  too  small  a D for  the 
stretched  L. 

C.  Nev  Data  on  Low  Temperature  Tensile  Properties  of  Materials 

A portable  cold  box  built  to  enclose  the  javs  of  the  tensile  testing 
machine  (sec  Photo  nos.  7357  736l)  was  put  through,  a trial  run  on  May  5* 

At  that  time,  the  need  for  some  minor  modi fic:at ions  to  loake  its  operation 
smoother  became  apparent,  but  sufficient  data  were  taken  to  provide  us  with 
critical  Information  regeurding  the  stress -“Stra in  properties  of  Saran,  poly- 
ethylene and  Mylar  at  stratospheric  ten^eratures  ^ After  the  first  run,  the  hox 
was  removed  for  the  final  au„3u:3bments.  These  have  been  con^leted  and  the  cold 
box  re-installed  on  the  tensile  te.ster.  An  e.xlLaustive  study  of  the  tensile 
properties  of  materials  and  seals  at  low  teiii^'/.iatures  is  underway.  A full 
report  will  be  made  when  thi?  study  has  heen  completedo 

The  data  taken  on  l^ay  5 reveal  the  followings 
1.  Mylar 

a.  The  tensile  strength  of  one  roil^Mylar  appears  to  level  off 

at  approximately  28,000  Ibo/in.^*  as  the  teii5)erature 
decreases  below  -30'’C.  At  and  at  -65^0.  this  same 

value  was  obtained « The  literature  of  E.  I.  duPont 

de  Nemours  & Co.  on  shows  the  tensile  strength  to 

reach  28,000  Ib./in.'^  at  approximately  -30®C. 

b.  Elongation  and  elasticity  of  the  material  under  stress 
seem  to  be  much  improved  at  low  tenipei^ature , however.  No 
appreciable  permanent  elongation  was  experienced,  and  the 
only  permanent  distortion  was  in  the  vicinity  of  the 
break  where  both  ends  were  shrunken  latei*ally  and  the 
edges  permanently  set  in  waves,  as  in  the  following  sketch. 


i 


i 


i 

! 
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c.  The  tens.Lle  modulu.s  obtained  at  these  lo\r  tenipeiatures 
>ras  640,000  Ib./in.^ 
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2.  Saran 

Data  taken  with  2 085  mil  Q853o1  (unopened  lo5  inil  tubing) 
can  best  be  presented  in  table  form. 


Tabl-^ 
Strength 


Elastic  Modulus 


’c.) 

Transverse 
(lb. /in. 2) 

Longitudinal 

(ib./in.^) 

Transverse 

(ib./in.^) 

Longitudinal 
(lb ./in.-) 

-55 

21,000 

23,700 

95^,000 

655,000  ' 

-60 

15,800 

20,200 

1,180,000 

757,000  I 

-70 

25,000 

- 

772,000 

i 

The  breaks  at  -55**C.  were  smooth,  but  at  -60®C.  and  below 
there  were  characteristics  which  suggested  cold  brittleness.  Sharp  angles  in 
the  tear,  a saw-tooth  edge,  and  one  with  an  edge  as  sketched  below  were 
produced  at  the  lower  temperatures. 


m 


r 


I 

! 


The  most  significant  discovery  about  the  general  performance 
of  Saran  that  in  all  cases  there  was  no  pennanerit  deformation,  no  permanent 
elongation  of  the  film.  After  the  break,  the  two  pieces  of  the  specimen  were 
brought  end-to-end  again  and  measured.  Apparently,  after  applying  arything  less 
than  the  stresses  shown  above,  the  material  would  be  within  its  elastic  limit 
and  would  return  to  its  original  dimension  once  the  stress  was  removed.  This 
is  of  fundamental  importance  in  the  functioning  of  the  super-pressure  balloon. 

Whether  or  not  the  decrease  in  strength  from  to 

-60®C.,  and  the  increase  again  at  -70 **0.,  are  real  \r±ll  be  determined  by  the 
coii5)rebensive  study  now  undeiway. 

Saran  A517  was  also  tested  on  May  5-  Strengths  of  24,000 
lb. /in.  and  25>000  lb, /in.  were  measured  at  and  respectively, 

with  an  average  elastic  modulus  of  800,0C0  lb. /in.  , but  even  at  -40®C.  there 
were  evidences  of  cold  brittleness.  A^in,  there  was  no  permanent  elongation. 

A thickness  of  2 mils  was  used  (\anopened  1 mil  tubing). 
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f 3 • Polyettg  lene 

^ Polyethylene  was  found  to  have  a Ftrength  of  67OO  Ih./in.  and  a 

tensile  modulus  of  195^000  lb./±n.  at  -70°Co  A thickness  of  ^4  mils  was  used 
^ in  this  test  (unopened  2^mil  tubing).  In  another  test,  2 nil  material  showed  a 

strength  of  6250  Ih./in.^  at  -55**C.  and  a tensile  modulus  of  23^,000  Ib./in.  . 
With  the  polyethylene,  there  was  permanent  elongation  of  approximately  2(yfj,  so 
these  figures  do  not  refer  to  elastic  material,  as  they  do  in  the  case  of  Seu:^. 

Further  data  on  the  characteristics  of  polyethylene  heat  seals  as 
a function  of  tempeniture  are  found  in  Drawings  A-l6l24-A  and  A-l6l25-A  in  the 
Appendix . 

II.  BALLOON  CONSTRUCTION 
A.  Saran 

At  the  present  time,  onion  baiLLoons  of  q853-1  and  A517  Saran  are 
being  fabricated  by  Brown  and  Bigelow  at  our  request.  By  contracting  to  have 
this  done  with  their  48  inch  electronic  bai'  sealer,  we  are  able  to  obtain 
balloons  for  laboratory  and  flight  tests  at  an  earlier  date  than  would  be 
^ possible  if  we  were  to  wait  for  the  ccmipletilon  of  our  own  mobj.le  electronic 

sealer.  Design  and  development  work  on  the  latter  is  going  ahead.  When  it  has 
been  completed,  it  will  be  possible  to  make  sphericed  as  well  as  onion-shaped 
balloons  of  Saran. 


In  connection  with  the  balloon  manufacture  at  Brown  and  Bigelow,  where 
lap  seals  are  being  used  for  all  but  the  last  seal  in  each  balloon,  a comparison 
of  seal  strenrths  for  three  types  of  seals  was  made.  These  tests  were  at  room 
tenperature  and  indicate  only  the  relative  sti*engths  to  be  expected  ffom  the 
three  types  of  seals.  Tests  at  lower  temperatures  will  be  made  later.  The 
material  used  was  an  unopened  tube  of  1.2  mil  A517  Saran,  and  the  seals  were 
made  with  an  elcictronic  bar  producing  a seal  0.I5  inches  wide.  Data  are 
reported  in  Table  II. 

Table  II 


Fin 

Modified  Fin 

Lap 

u 

a— 

(lb. /in.) 

(lb. /in.) 

(lb ./in.) 

■ f 

l.k 

10.9 

18.6 

• 

0.8 

10.7 

19.1 

1.3 

12.8 

17.7 

t ■ X 

1 

12.2 

12.5 

r.  ^ 

- ? 

r ^ H 

Average  1.2 

11.8 

18.5 
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B.  Polyethylene  -Qn-^^yla^ 

One  onion  Balloon  of  this  material  has  Been  made  (with  polyethylene 
seal)  from  the  first  sample  of  the  material,  converted  By  the  DoBecinnun  Co*^ 

On  the  Basis  of  this  successful  faBrication  of  a Balloon  i'rom  polyethylene -on- 
Kylar,  three  hundred  pounds  of  it  have  Been  ordered  from  the  DoBeckmun  Co.  to 
make  additional  Balloons  for  laBoratoiy  and  flight  tests.  Use  of  this  material 
is  limited  to  the  onion -shaped  Balloon,  since  only  the  polyethylene  is  sealed. 
The  material  is  due  to  arrive  By  the  irdLddle  of  June . 

C.  Polyethylene -on -Saran 

The  report  on  polyethylene -on-Saran  which  was  made  in  our  letter  of 
April  27  vas  in  error.  DoBeckmun  is  not  certain  that  such  a comBination  would 
Be  successful.  We  are  advised  that  they  will  Be  glad  to  go  ahead  on  a "Best 
effort"  Basis  in  which  we  would  Bear  the  expense,  estimated  to  Be  Between 
$200  and  $500,  regardless  of  the  degree  of  success  in  Bonding  the  two  materials 

We  have  advised  them  chat,  until  Saran  By  ittself  has  Been  proved  to 
Be  inadequate,  we  feel  that  such  an  experiment  is  not  'vrarranted. 

The  reason  for  investigating  the  polyethylene -Seuran  comBination  was 
to  improve  the  cold  Brittleness  and  tear  characteristics  of  Saran.  Since  poly- 
ethylene would  make  an  electronic  seal  impossiBle,  the  seals  would  necessarily 
Be  heat  seals  of  the  polyethylene  alone,  as  in  the  case  of  the  polyethylene  on 
Mylar.  The  onion  shape  or,  in  general,  the  type  of  Balloon  with  no  circumfer- 
ential stress, would  Be  the  only  application  foi  this  material. 

D - Polyethylene  Impregnated  FiBerglas 

DoBeckmun  CGii5)any  has  not  as  yet  developed  a production  technique  for 
Impregnating  fiBerglas  of  the  weight  we  need  with  polyeth;/lene . They  have 
produced  some  saii5)les  which  we  are  testing,  but  the  density  of  the  weave  has  so 
far  preventejd  them  from  oBl;aining  the  penetration  which  was  possiBle  with  the 
more  loosely  woven  scrim. 


1 

The  flight  made  with  this  Balloon  is  reported  in  III,  Experiments.  Executed. 
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A.  Laboratoiy 

1.  The  tensile  properties  of  Saran,  Mylar  and  polyethylene  at  lorw 
te35)erature  were  investigated  during  the  first  run  of  the  equipment  pictured 
in  Photographs  rio,  7357  and  7361,  which  show  the  cold  hox  installed  on  the 
tensile  tester.  Data  from  these  tests  are  reported  on  pages  5-7-  A more 
complete  study  of  the  variation  of  tensile  characteristics  of  materials  and 
seals  as  a function  of  temperature  is  being  pursued. 

The  cold  box  uses  dry  ice  in  a wire  basket  K’^spended  on  its  left 
wall  inside.  The  air  is  circulated  by  a fan  driven  by  a sewing  machine  motor 
(visible)  which  is  controlled  by  the  rheostat  shown  on  the  front  of  the  cabinet. 

2.  A comparison  of  the  strengths  of  three  types  of  seal,  all  made 
with  the  same  electronic  bar  sealer,  was  accomplished.  Data  from  this  test, 
which  was  run  at  room  temperature,  are  shewn  in  Table  II  on  page  7*- 

3.  Inflation  tests  of  the  nylon  spheres  were  made  using  500  gram 
and  800  gra^  I^eoprene  balloons  as  bladders , Ihe  inflated  spheres  are  seen  in 
photographs  numbered  7177^  7178,  71 8o,  and  7l8l.  During  these  tests  it  was 
learned  that  friction  between  the  nylon  and  the  rubber  sometimes  prevented  the 
rubber  balloon  ffom  expanding  uniformily.  It  also  built  up  a very  high  charge 
of  static  electricity  which  made  handling  difficult  and  impeded  the  withdrawal 
of  the  rubber  bladder . 

B.  Flight 

1.  Flight  No,  1126.  This  was  the  first  test  of  the  nylon  envelope 
enclosing  a polyethylene  bladder  (see  Di^awing  A-21283-B).  The  bal-loon  failed 
to  reach  floating  altitude . Whether  this  was  due  to  the  fact  that  it  was 
launched  at  night  with  only  6.5^  free  lift  and  was  prevented  frorr.  rising  by  an 
inversion  or  whether  it  encountered  the  decrease  of  lift  reported  by  Dr.  Ney, 
or  whether  it  descended  due  to  leaks  is  not  certain.  The  polyethylene  liner 
was  later  ammonia -tested  for  leaks,  and  a large  nimiber  of  widely  scattered 
small  holes  were  found  in  addition  to  the  larger  ones  caused  by  rough  handJ,ing 
during  recovery.  It  is  possible  that  these  were  caused  by  the  strong  dis- 
charges cf  static  electricity  which  were  observed  during  inflation  when  the 
lights  were  turned  off.  Some  of  these  lightening -like  flashes  were  over  a 
foot  long. 


Photo  no.  7232  shows  the  balloon  immediately  before  launching. 

2.  Flight  No.  1127*  As  a result  of  the  failure  of  Flight  No.  1126, 
which  may  have  been  due  to  night-time  conditions,  this  flight,  with  a poly- 
ethylene-on-Mylar  balloon,  was  launched  in  the  afternoon  approximately  2.5 
hours  before  sianset  on  the  balloon  (see  Drawing  No.  A-21285-B).  The  purpose 
was  to  determine  the  amount  of  super -pressure  developed  by  superheat  plus  7^ 
free  lift  on  this  type  of  balloon.  At  the  same  time,  the  rate  of  rise  of  an 
onion-shaped  balloon  with  Tjt  free  lift  would  be  determined. 
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ITie  rate  of  ri?e  experienced  wan  478  ft^/rnin,,  "but  when  the 
pressure  commenced  to  build  up  within  the  balloon  as  it  approached  altitude, 
the  balloon  burst  and  descended  at  a rate  of  1370  ft./^^*  t.o  the  ground. 

When  recove-^ed,  it  was  found  to  be  split  from  near  the  top  fitting  to  near 
the  bottom  fitting  along  one  gore.  The  eSplit  was  in  the  material  at  each  end, 
but  within  a few  feet  it  Joined  a seam  and  travelled  along  the  seam  to  within 
a few  feet  of  the  other  fitting  where  it  propagated  out  into  the  gore  again. 

Pressure  was  developed  before  the  balloon  reached  its  theoretical 
ceiling  due  to  the  fact  that, in  order  for  the  balloon  to  acquire  its  tr^ae  shape, 
the  lower  fitting  must  be  raised  by  the  expanding  Walloon  until  it  is  within 
10.5  ft.  of  the  top  fitting.  This  will  be  accomplished  only  through  the 
pressurization  of  the  balloon.  The  load  is  attached  directly  to  the  bottom 
fitting  and  must  be  raised  with  it.  Since  the  total  tension  in  the  film  at  the 
fitting  is  expected  to  be  several  tons,  the  load  of  10 „ 5 lbs.  should  not  have 
any  significant  effect  upon  the  shape  which  is  finaLly  realized,  but  design 
volume  is  not  attained  until  it  is  raised o 

A third  objective  of  the  flight, which  was  not  accomplished,  was 
to  observe  the  performance  as  the  balloon  pa:"78ed  through  the  nunset  period  and 
into  the  night.  Flight  termination,  by  severing  the  pressure  line  to  tlie 
telemeter,  was  set  for  6 hours. 

3.  Flight  No.  1128.  The  second  flight  test  of  a.  nylon  envelope 
containing  a polyethylene  bladder  was  launched  at  1611  CST  to  avoid  any 
trouble  from  night  effects  upon  lift.  The  disadvantage  of  a day-time  launching 
is  that  the  flight  does  not  provide  an  indication  of  the  amount  of  super -pres  sure 
which  is  developed  by  the  free  lift  alone,  as  it  would  if  launched  at  night. 

It  is  true  that,  from  Dr.  NeyVs  experiments,  it  is  evident  that 
the  earth's  radiation  causes  an  increase  in  lift  in  the  vicinity  of  50,000  ft., 
and  that  at  other  levels  the  night-time  equilibrium  condition  may  be  such  that 
lif^  is  actually  lost,  and  hence  that  there  would  be  factors  in  addition  to  free 
lift  involved  in  the  super -pressure  even  for  night-time  launchings.  However, 
whatever  the  earth’s  effects,  they  are  present  day  and  night,  and  they  are  a 
part  of  the  equilibrium  situation  daring  the  day.  Super -pres  sure  in  a balloon 
at  a given  altitude  at  night,  if  its  free  lift  has  been  contained,  would  be  a 
significant  value  to  relate  to  free  lift,  rate  of  rise,  stress,  etc. 

Viith  free  lift  (1  It,),  Flight  1128  rose  at  a rate  of  314-3 
ft. /min.  to  its  pressure  altitude  where,  like  Flight  1127^  it  hurst  after 
developing  only  slightly  more  than  one  inch  of  water  super-pressure. 

I^on  examination  of  the  balloon  in  the  laboratory  after  the 
flight,  it  was  found  that  the  nylon  envelope  was  in  perfect  condition.  The 
polyethylene  liner  had  split  from  the  crown  do’mward  on  two  opposite  meridians 
half  way  to  its  other  pole,  leaving  the  top  half  of  the  balloon  in  two  approxi- 
mtitely  equal  sections.  The  crown  of  the  balloon,  where  the  tear  apparently 
started,  was  shredded  into  a most  extreme  example  of  a cold  brittleness  type 
of  rupture. 
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In  discussing  this  apparent  cold  brittleness  condition  in  poly- 
ethylene with  Dr.  L.  W,  Sheridan,  it  was  learned  that  he  has  encountered  in 
his  material  testing  \rork  some  indications  that,  when  under  tensile  stress, 
polyethylene’s  cold  brittleness  temperature  is  not  as  low  as  othervise.  After 
testing  three  of  four  samples  cut  from  the  same  strip  of  material  and  finding 
the  three  to  be  non-brittle  at  -68^C.,  he  deliberately  stretched  the  fourth 
specimen  while  fastening  it  into  the  hoop.  It  showed  the  characteristic  cold 
brittleness  type  of  rupture  when  struck  by  the  steel  ball  at  -68®C<,  This  is 
the  only  explanation  so  far  offered  for  the  shattering  of  the  polyethylene 
liner  enclosed  in  a nylon  cover  under  the  bright  sunlight  at  37>COO  ft. 

The  same  nylon  envelope  is  to  be  tested  in  the  laboratory  with 
the  same  type  of  polyethylene  liner  to  see  what  can  be  learned  of  the  stresses 
developed. 
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IV.  EXPERIMENTS  PIA^IJED 

A.  Laboratory 

1.  A comprehensive  study  of  tensile  cliaracteristlcs  of  films  and 
seals  at  iov  teii5)erature . 

2.  A study  of  comparative  superheat  in  the  exact  materials  being 
used  in  the  balloons  which  have  grown  out  of  this  project  • This  experiment 
will  be  conducted  with  an  infreired  lamp  using  the  technlq^ue  described  in 
Report  No.  1289 « 

3.  Static  inflation  tests  of  the  three  types  of  balloons  already 

produced. 

a.  Polyethylene  bladder  in  nylon  cover, 
bo  S€u:*an  onion, 
c . Polyethylene  -on-^lar  onion . 

When  the  spherical  Saran  balloon  can  be  produced,  that  is,  when  the  mobile 
electronic  sealer  has  been  completed,  it  too  will  be  static  tested,  of  course. 
In  order  to  duplicate  as  closely  as  possible  the  stress  conditions  aloft,  the 
balloons  will  first  be  Inflated  with  helium  until  bvxoyant  eq.ulllbrluia  is 
reached,  and  then  nitrogen  or  air  will  be  added  to  con^Jlete  the  inflation  and 
to  build  up  the  sv^r-pressure,  which  will  be  measured « If  helium  were  used 
alone,  approximately  100  pounds  of  lift  would  be  attained  at  full  inflation. 
This  would  create  lifting  stresses  at  the  point  where  the  balloon  was  held 
down,  which  would  not  be  a true  picture  of  the  balloon  under  fll^t  conditions. 

The  fittings  being  used  in  the  onion  balloons  are  sho%m  in 
photos  numbered  7333  733^  as  they  appear  in  the  end  of  a Saran  balloon. 

Drawings  for  these  fittings  arc  numbered  A-IJBoO-B  through  A-I5803-B  inclusive 
and  are  also  found  In  the  Appendix « 

B.  Pli^t 

1.  Temperature  telemetering  (in  addition  to  altitude)  to  obtain 
the  difference  between  lifting  gas  and  ambient  will  be  made  on  each  type  of 
balloon  as  described  in  Report  No«  1289-  The  telemeter  is  shown  in  Photo 
No.  7^96,  and  the  electrical  circuit  in  Drawiiig  A-^l6o88-B. 

2.  Pressure  telemetering  (in  addition  to  altitude)  will  be 
accomplished  with  each  type  of  balloon  to  obtain  a measure  of  the  sui>er- 
pressure  throu^out  the  flight.  Photo  no.  723^  shows  the  telemeter  which  is 
described  in  forttcr  detail  in  the  Appendix- 

3.  It  has  been  decided  that  a line  connecting  the  two  fittings  in 
the  onion-shaped  balloons  will  not  be  used  as  we.s  indicated  in  letter  report 
dated  27  April  195^  for  reasons  given  in  report  of  Flight  1126. 
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4.  Stocl^iling  of  beLLloons  and  teleneterlng  equipment  for  a series 
of  ten  to  twelve  flights  should  he  complete  by  the  end  of  June,  If  the  present 
poor  trajectory  situation  is  still  dominant,  the  bSvlloont^  will  then  he  flown 
from  some  other  site  on  a field  tripo  If  these  flights  are  not  successful,  it 
is  hoi>ed  that  sufficient  data  will  he  ohtaxxi:il  to  Indicate  the  necessary  modifi- 
cations. A later  series  of  flights  may  then  he  planned,  which  should  include 
some  made  with  spherical  Saran  balloons  made  possible  hy  the  development  of 
the  mobile  electronic  sealer. 
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V.  FINANCES 


Tbe  total  of  funds  committed  as  of  31  May  195^  vas  $l8,720o  Of  this 
amount,  $13,221  vas  labor  and  burden. 

It  is  expected  that  the  next  two  months  will  require  somewhat  greater 
expenditure  than  in  the  months  so  far,  which  have  been  low  on  a pro  rata 
basis . 
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SUPER -PRESSURE  TELEt^TERDIG  SYSTEM 

A Combined  Telemetering  Unit  for  Ambient  Pressure  and 
Internal  Pressure  for  Use  on  Small  Super-pressure  Balloons 


The  device  uses  two  separate  transducers  which  mount  on  a code  drum 
assembly.  Data  are  transmitted  alternately  from  the  two  transducers. 

Transmitter 

The  transmitter  is  a converted  40.5^  megacycle  radiosonde  unit.  It  is 
described  in  Report  No.  II67.  The  keying  circuit  is  arranged  as  described 
in  this  report  except  a resistor  is  placed  in  series  with  one  of  the  trans- 
ducers in  order  to  lengthen  the  time  constant.  This  causes  a difference  in 
pitch  between  the  two  code  groups  making  it  easy  to  distinguish  between  the 
ambient  pressure  sigiial  and  the  Internal  pressure  signal. 

Ambient  Pressure  Transducer 


The  code  drum  assembly  with  both  pressure  capsules  is  shown  on  photograph 
no.  6997*  The  ambient  pressure  transducer  consists  of  an  ’A’  frame  assembly 
from  a standard  radiosonde.  Any  of  a variety  of  bellows  and  contact  arm 
assemblies  could  be  used  for  this  purpose.  This  assembly  is  mounted  on  an 
insulating  fiber  plate  instead  of  being  mounted  directly  on  the  meteJ.  frame 
of  the  code  drum  assembly.  The  connection  is  made  through  a resistor  of 
sufficient  size  to  gi^'‘e  a modulating  note  noticeably  lower  than  that  of  the 
other  transducer,  whicth  is  mounted  directly  on  the  metal  frame. 

Internal  Pressure  Transducer 


The  frame  for  this  assembly  is  cut  from  24  ST  aluminum  3/8”  thick.  The 
pressure  capsule  is  a Jlollsman  type  SK901  bellows  with  a small,  hole  drilled 
axially  through  its  mounting  bolt  in  order  that  pressure  may  be  applied 
internally.  A brass  fitting  is  wound  over  the  mounting  bolt.  The  connecting 
tube  from  the  balloon  connects  to  the  fitting  causing  the  bellows  to  respond 
to  the  internal  pressure  of  the  balloon.  The  contact  arm  and  pivot  were 
obtained  from  a radiosonde  unit.  The  linkage  Is  adjusted  to  give  full-scale 
deflection  at  the  desired  pressure.  The  unit  in  the  photograph  is  adjusted 
to  give  full-scale  deflection  at  a pressure  of  30  inches  of  water. 

Code  Drum  and  Drive 


The  code  drum  is  conductive  only  on  the  code  groups  themselves.  There 
is  no  long  dash  as  is  the  case  on  the  standard  drum.  The  motor  is  a 5 MW 
Brailsford.  A fixed  brush  makes  contact  on  the  edge  of  the  drum  opposite 
the  motor.  This  is  the  "hot”  keying  lead  to  the  transmitter.  The  ground  of 
the  transmitter  is  common  to  the  frame  of  the  transducer  assembly. 

The  complete  telemetering  unit  including  transmitter,  transducers, 
code  drum,  and  battery  supply  is  shown  on  photograph  no.  7234. 

D.  A.  Church 
1 June  195^ 
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A-I5227-B 

Curves  showing  flight  duration  necessary  for  various  distances 
of  travel  as  a function  of  wind  speed  at  floating  level.  For 
flights  of  less  than  400  miles,  another  set  of  curves  ^111  be 
drawn  in  which  the  rate  of  rise  is  considered,  when  applicable 
rates  of  rise  are  known. 

f 

A-I567I-B 

A-I5672-B 

Fittings  used  in  the  base  of  the  spherical  polyethylene-nylon 
fabric  balloon. 

' . 

A-I58OO-B 

A-15e01-B 

A-15802-B 

A -15803 -B 

Fittings  used  in  both  ends  of  the  onion  beJ-loons,  A-I580O-B 
being  used  in  place  of  en  ordinary  bolt  in  the  fitting  at 
the  base  of  the  balloon  (see  p}iotos  7333  and  7334). 

- 

A-I6088-B 

Wiring  diagram  for  the  temperature  telemetering  system. 

(See  photo  7496.) 

"■ 

A-I6124-A 

A-I6125-A 

Curves  showing  the  variation  of  the  tensile  characteristics  of 
polyethylene  heat  seeLls  as  a function  of  temperature. 

• 

A -21283 -B 
A-2I285-B 
A-21287-B 

Time/Altitude  and  super -pres  sure  curves  for  Flight  1126. 
Time/Altitude  and  super-pressure  curves  for  Fli^t  1127. 
Tlme/Altltude  and  super-pressure  curves  for  Flight  1128. 

‘ 

PHOTOGRAPHS 

5707 

Polyethylene  onion -shaped  baLloon. 

% 

7177 

7178 

7180 

7181 

Inflation  test  of  15  tt.  nylon  sphere  using  air  in  Neoprene 
bladder. 

j 
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7232 

Flight  1126  immediately  before  launching. 
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72314. 

6997 

Instrument  for  40  megacycle  telemetering  of  both  ambient  pressure 
(for  altitude)  and  stqper -pressure  within  the  balloon. 

t 

..  1 
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7333 

7331^ 

End  fittings  in  Saran  onion  balloon  (see  Drawings  A-I580O-B 
through  A -15803 -B) . 

1 ^ 
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7357 

7361 

Cold  box  installed  on  Tensile  Tester. 

: 1 

71+96 

Instrument  for  4o  megacycle  telemetering  of  ambient  pressxire 
(for  altitude)  and  four  temperatures.  The  coiled  leads  are 
for  attachment  of  thermistors. 

!>^  ••  '? 

1366 

7567 

7568 

7569 

Fabrication  of  Saran  cylinders  at  Brown  & Bigelow. 
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6ENERAL  MILLS  INC.,  EUaiNECRINQ  RESEARCN  i OEVELOfMENT  CRT.,  NINNEArOLIS,  NINM. 
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Armed  Services  Technical  information  Agency 


NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
ARE  USED  FOR  ANY  PURPOSE  OTHE’^.  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
GOVERNMENr  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILIT  if,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANt  WAY  BE  RELATED  THERETO. 
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